Chloroplast-derived vaccine antigens and biopharmaceuticals: protocols for expression, purification, or oral delivery and functional evaluation.
Many vaccine antigens and biopharmaceutical proteins have been expressed at high levels via the chloroplast genome and their functionality has been evaluated using in vitro assays in cell cultures (i.e., macrophage lysis assay, inhibition of vesicular stomatitis virus-induced cytopathicity in baby hamster kidney cells, or inhibition of human HIV infection in TZM-BL cells) as well as protection after challenge with bacterial or viral pathogens or antitumor assays or delay the onset of insulitis in suitable animal models. Production of therapeutic proteins in chloroplasts eliminates the expensive fermentation technology. Moreover, oral delivery of chloroplast-derived therapeutic proteins eliminates expensive purification steps, cold storage, cold transportation, and delivery via sterile needles, thereby further decreasing their cost. In this chapter, we describe detailed protocols for chloroplast transformation including the construction of chloroplast transformation vectors, delivery of DNA into plant cells using particle bombardment, selection and regeneration of transformants by tissue culture, confirmation of transgene integration into the chloroplast genome and homoplasmy, evaluation of foreign gene expression, purification of foreign protein, or oral delivery via bioencapsulation, functional evaluation using in vitro and in vivo assays, and evaluation of immunity after challenge with pathogens in suitable animal models.